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C O R P O R A T I O N  
NINTH QUARTERLY REPORT 
S O U R  THERMIONIC GENERATOR DEVELOPMENT 
Summary  
This report  covers  p rogres s  for  the ninth qua r t e r ,  corresponding 
to the period 1 December 1967 to  29  February  1968. 
I During this quar te r ,  the fabrication and t e s t  of converter T-208 
have been completed. 
ineorporate a collector-radiator heat pipe s t ruc ture .  
performance of converter T-208 was a lmost  identical to that of model 
T-207 in spite of a 17% reduction in  collector a r e a ,  but the fai lure  of 
the s ta t ic  data to reproduce the performance data obtained dynamically 
This model  is  the first under this program to  
The dynamic 
has  shown that the collector of converter T-208 operates  a t  a n  ex- 
cessive temperature .  
believed to  be the l imited a r e a  for  vapor flow available a t  one com- 
ponent of the heat pipe, and it will be cor rec ted  in  the construction 
of the following model. In addition, the performance of eonverter  T-208 
was relatively low, and cesium conduction t e s t s  revealed an unusually 
l a rge  spacing of about 4.4 m i l s ;  steps will be  taken to  improve the 
positioning of pa r t s  during assembly of T-209. 
The cause of the high collector temperature  is  
Fabricat ion of Converter T-208 
At the beginning of this quarter ,  converter  T-208 was ready for 
the assembly  of the cesium reservoir  tubulation. 
a s sembly  operation pr ior  t o  converter outgassing and cesium charging. 
In the existing design, shown in Figure 1 ,  the r e se rvo i r  tubulation, 
pa r t  No. 19, is fuse-brazed to  the tantalum tube, par t  No .  12. To 
facil i tate wetting by the molten copper, and to strengthen the 
This is the final 
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metal luryical  bond between the copper and the tantalum, the tantalum 
tube i s  given a very thin nickel electroplate p r io r  to  fuse-brazing.  In 
the f i r s t  two at tempts  a t  fuse-brazing the tubulation on converter  T-208, 
a leak-tight bond could not b e  obtained; consequently, the fuse-brazed 
tubulation was removed,  and the tantalum tube was given a new and 
thicker nickel electroplate.  
slipped over  the tantalum tube for another fuse-braze  at tempt ,  the 
tantalum tube broke.  
apparent ly  during the second fuse-braze ,  when a high t empera tu re  
was used,  and when the nickel electroplate alloyed with the tantalum. 
The embri t t lement  was seve re ,  and i t  extended along the length of 
tlie tantalum tube all the way to the inner  weld bead of the end cap of 
the heat  pipe, pa r t  No.  18. 
When a new r e s e r v o i r  tubulation was 
It was found that the tube had embri t t led,  
The tube could not be replaced without completely dismantling 
the conver te r ;  therefore ,  a r epa i r  was at tempted,  which consisted of 
braz ing  an extension piece to  the broken end of the tantalum tube. The 
extension piece was made  of tantalum, and b razed  with palladium 
using a n  iner t -gas  a r c  a s  the heat source;  it has  a length of 3/4 in. , 
3/16 in. of which was machined to  sl ide into the broken end of the 
conver te r  tube,  and i t  has  an  inside d iameter  of 0. 065  in. 
An at tempt  to repeat  the fuse-braze  on this extension failed,  
and it was concluded that the difficulty in making a successful  fuse-  
b r a z e  is caused by the l a rge  difference in the d i ame te r s  of the two 
tubes being joined; to  avoid this difficulty, i t  was decided t o  use  an  
in te rmedia te  tubular i n se r t ,  made  of niobium, with a d iameter  of 
3/16 in. This i n se r t  was made and joined to  the tantalum tube in the 
exact  s a m e  manner  a s  the inner  heat-pipe tube,  p a r t  No .  13,  and i t s  
length was 7/8 in. 
3 
This  intermediate  piece was welded in place,  and the f i r s t  fuse- 
b r a z e  at tempt  failed,  i n  pa r t  because the niobium tube had not been  
plated, and i n  pa r t  because the wall thickness of the fuse and of the 
copper tube was not sma l l  enough. A'new fuse -b raze  at tempt  was 
made ,  and it was successful .  Upon leak-checking the assembly ,  
however ,  i t  was  found that the a r e a  of the tantalum ces ium tube, 
which had been repa i red  by  means of a palladium b r a z e ,  had developed 
a leak. It was subsequently determined that dur ing  heliarc-welding of 
the niobium intermediate  tube t o  the end of the tantalum ces ium tube, 
the  a r e a  of the tantalum tube which was  pal ladium-brazed overheated 
to  the extent that  a n  alloying reaction between palladium and tantalum 
o c c u r r e d  and formed a br i t t l e  intermetall ic.  
a s s e m b l y  to  effect the fuse-braze  th i s  embri t t led a r e a  developed a 
c r a c k  and leaked. 
During handling of the 
The failed assembly  ju s t  descr ibed,  which fo r  convenience will  
b e  designated as T-208A, could s t i l l  be  repa i red  by using the internal  
heat  pipe tube, pa r t  No. 13 i n  Figure 1, a s  the tube to  t r anspor t  the  
c e s i u m  vapor f r o m  the ces ium rese rvo i r .  To accompl ish  this ,  the 
length of the normal  ces ium tube which protruded beyond the end of 
the hea t  pipe was cut off, a n d  a niobium extension piece was  copper-  
b r a z e d  to  the end of the internal heat  pipe tube,  p a r t  No. 13. A leak- 
t ight a s sembly  was obtained, and a copper tube was  fuse-brazed  to  the 
niobium extension to s e r v e  as the ces ium r e s e r v o i r  and outgassing 
tubulation. 
end  of a few hour s  i t  was evident that  sodium was  leaking f r o m  the heat 
pipe.  Upon examination, i t  was found that the end cap, part No. 18, 
had  developed a c r a c k  midway between the inner  and outer  welds. 
this point fur ther  a t tempts  t o  salvage the a s s e m b l y  208A w e r e  abandoned 
Model T-208A was then se t  up for  outgassing, and a t  the  
At 
\ 
4 
l 
because no technique was available f o r  discharging the sodium f rom 
a leaking heat pipe, which is  a prerequis i te  to any r epa i r  attempt 
I on heat pipe envelopes. 
t 
The fabrication of model T-208B proceeded without incident up 
to the point of cesium reservoi r  assembly. This reservoi r  was being 
constructed by welding an intermediate niobium piece to  the end of the 
tantalum cesium tube, par t  No. 12 ,  to  facilitate fuse-brazing of the 
copper tubulation, par t  No. 19. Unfortunately, due to  operator e r r o r ,  
a i r  was admitted into the welding chamber before  the weld was p e r -  
formed,  and the joint was completely br i t t le .  The br i t t le  portion of 
this weld a r e a  was removed by cutting the tantalum tube, and an 
extension piece of tantalum was palladium-brazed to  the tantalum 
tube t o  continue construction of model 208B. The model  was then 
finally brazed to an  emit ter  s t ructure  and prepared  for outgassing 
p r io r  t o  sodium charging. It was then found that the outer weld of 
the end cap, par t  No. 18, was cracked and leaked. Attempts to sea l  
t'iis a r e a  by re-welding were  not successful, and it was decided to 
remove the end cap, pa r t  N o .  18, by machining. Upon removal of the 
end cap,  i t  was found that the capillary s t ruc ture  was oxidized, and 
the pa t te rn  of this oxidation suggested strongly that it had been caused 
by a seepage of the nickel electroplating solution which was used t o  
plate the sodium f i l l  tube pr ior  t o  fuse-brazing it to the heat pipe 
outgassing and sodium charging tubulation. 
The assembly  of a third model, designated T-208C9 ran  into 
complications during the electron-beam weld of the collector to the 
heat pipe radiator .  
face with respect  to the heat pipe radiator tube, pa r t  No .  9, during 
To provide better positioning of the collector 
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electron-beam welding of these two par t s ,  a s ta inless  s tee l  t i e  rod was 
inser ted through the center of the tantalum cesium tube, par t  No. 12. 
The heat developed during electron-beam welding was sufficient to cause 
melting of the t ie  rod, however, and the molten m e t a l  alloyed with the 
collector,  causing i r reparable  damage. 
The assembly of the fourth model, designated T-208D, was 
successful. It was accomplished with a new set  of pa r t s ,  and in 
accordance with the layout of Figure 1 ,  with the following exceptions: 
The cesium tube, pa r t  No. 12 ,  was made  of niobium, with an 0. 025-in. 
wall thickness,  to avoid using the relatively fragi le  0.  010-in. wall 
tantalum tube used in t’ie previous heat pipe converter models.  As in 
previous M O ~ C ~ S ,  ihc central  capillary, par t  N o .  17  was omitted. A 
thicker end cap, par t  No .  18, was used to avoid c rack  leaks due to  
possible exposure to  embrit t l ing atmospheres or  processes .  
extension of 3/16-in-. -dia niobium tubing was used to  connect the 
ces ium tube, pa r t  No. 12, to the cesium rese rvo i r  tube, par t  No .  19, 
a s  descr ibed in the assembly of model T-208A, and for the purpose 
of reducing the diss imilar i ty  in tube d iameters  that  would occur at the 
joint of par t s  Nos .  12 and 19. 
vanadium-brazed to  the niobium substrate because of the unavailability 
of the AEC pressure-bonding facility which would otherwise have been 
used. Nickel plating of the ends of both tubes,  Nos .  12 and 11 was 
per formed using a pa i r  of smal l  rubber plugs to  avoid seepage of 
plating solution inside the tubes. 
extension was used to  connect the sodium f i l l  tube, pa r t  No. 11, to 
the sodium rese rvo i r  discharge tube, pa r t  No. 23. Also, to avoid 
joining tubes which differ excessively in diameter  , this extension 
was f i r s t  fuse-brazed  to the sodium discharge tube, and then it was 
An 
The rhenium collector face was 
A 3/16-in. -dia niobium tubing 
6 
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I 
electron-bombardment brazed  to the sodium f i l l  tube using two rings 
of nickel-plated 0. 020-in. -dia copper. 
The electroetched emit ter  was thermally stabil ized a t  approxi- 
-5  
mately 2050°C for 2 hours ,  at a vacuum of 10 t o r r .  The maximum 
deviation f rom flatness measu red  after thermal  stabilization was 
0. 004 in. 
The assembled model was then connected to  a vacuum station 
to  outgas the heat pipe portion of the envelope. 
maintained at an average temperature  of 4 9 0 ° C  with res i s tance  
hea ters  for a period of 16 hours .  
ampoule was broken by crushing the walls of the copper manifold 
where  it was located, the argon of the ampoule was  pumped out, and 
the assembly  was pinched off. 
150°C for 2 hours  to  m e l t  the sodium, and the sodium was then t r ans -  
f e r r e d  into the heat pipe. 
fold was  pinched off, and the niobium f i l l  tube was cut and sealed with 
a n  electron beam. 
The heat pipe was 
A t  the end of this t ime the sodium 
It was then placed in an  oven a t  
Following this operation the sodium mani-  
The next assembly operation consisted of connecting the cesium 
r e s e r v o i r  with a fuse-braze.  
the s a m e  vacuum station to outgas the converter envelope and proceed 
with cesium charging, During outgassing of the converter envelope, 
a radiation shield was wrapped around the heat pipe radiator  to help 
maintain high collector temperatures .  The heat pipe was a t  800"C,  
and the radiator tempera ture  was uniform. 
was  per formed for  a period of 26 hours with the emi t te r  a t  an  
observed temperature  of 1700°C. 
200°C for  4 hours .  
That assembly  was then connected to 
Converter outgassing 
The cesium was then distilled a t  
7 
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Tes t  of Converter T-208 
The tes t  of converter T-208 consisted of 7 runs a s  follows: 
Runs 1 to 3 to m a p  the output under dynamic conditions at 2000,  1900 
and 1800"K, Run 4 to m e a s u r e  interelectrode spacing via  cesium 
conduction, and Runs 5 to 7 to  m a p  the output under s ta t ic  conditions 
at 1700, 1600 and 1800°C. The Appendix presents  the data collected 
during tes t .  
During these tes t s  it was found that the cesium rese rvo i r  tends 
to  run  hotter than in previous heat pipe models  owing to the heavier  
0. 025-in. wall of the cesium tube. 
(T/E-3 and T/E-4 developed under J P L  Contract 951465) have shown 
that t he re  is no problem in achieving lower r e se rvo i r  tempera tures  
with a n  0. 010-in. -wall tube, it is clear that  the cesium rese rvo i r  
tempera ture  can be  lowered l a t e r  wi th  l i t t le difficulty. 
s teps  would be  difficult to implement within the remaining period of 
contract  performance due to the long lead t ime required to  procure  
smal l -d iameter  niobium tubing, but solution can be  postponed because 
the ces ium rese rvo i r  tempera ture is  still low enough to pe rmi t  op- 
t imization a t  all operating conditions of interest .  
Since the previous models 
Correct ive 
Figure 2 presents  a summary  of the optimized I-V charac te r -  
i s t i c s ;  the solid l ines a r e  the character is t ics  obtained by dynamic 
t e s t ,  and the dashed ones were  obt.ained statically. 
F igure  3 presents  the cesium conduction data. 
Interpretation of Converter T-208 Test  Results 
Converter T-208 used rhenium electrodes,  and it is therefore  
of i n t e re s t  to compare its performance with that of converter T-206, 
which a l so  used rhenium electrodes. 
T-207, fabricated in the in te r im,  had a palladium collector. 
It will be recalled that converter 
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Before a performance comparison of the two converters  i s  made ,  
i t  i s  well to review their  differences in s t ructure .  Converter T-206 
had a finned radiator and was assembled using well developed procedures;  
in addition, i t  had a collector diameter of 0.705 in. corresponding to 
a collector electrode a r e a  of 2.  52 em . Converter T-208 used a heat 
pipe radiator s t ruc ture  for  the f i r s t  t ime  in this program,  which was 
assembled according to untried procedures;  fur thermore ,  i t s  collector 
diameter  had to be  decreased to 0.680 in. because of reduced tolerance 
control in the heat pipe s t ruc ture  assembly. 
2 
to  an  a r e a  of 2.34 cm . which i s  further reduced by the slot used for  
outgassing purposes ,  shown in Figure 1 ,  and the reduction is 0. 18 cm , 
leaving a net electrode a r e a  of 2. 16 e m  . 
a r e a  of converter T-208 was then 2.16/2. 52 = 0. 86 t imes  the electrode 
a r e a  of converter T-206. 
2 
This diameter  corresponds 
2 
2 
The effective electrode 
Figures  4, 5 and 6 give the comparison of the dynamic charac-  
t e r i s t i c s  of converters  T-206 and T-208, a t  emit ter  tempera tures  of 
1800, 1900, and 2000"K, respectively. In order  to subtract  the effect 
of the 1470 reduction in  collector a rea  of converter T-208, the figures 
show, in dashed l ines,  the effect of reducing the output cur ren t  values 
of converter  T-206 by 1470. As can be seem,  converter T-206 is  able 
to produce a consistently higher output voltage. 
the increment  in output voltage increases  with emit ter  tempera ture ;  
thus at 1800°K i t  is approximately 60 m V ,  a t  1900°K it is  approximately 
120 m V ,  and a t  2 0 0 0 ° K  it i s  approximately 160 m V .  
examination of the individual I-V curves obtained for  the determination 
of the envelopes shown in these figures shows that,  for the same  
output cur ren t  density and emi t te r  temperature ,  the optimum cesium 
p r e s s u r e  was the same in the two converters ,  and that the optimum 
In the ignited mode,  
A detailed 
11 
60 
50 
40 
20 
8269 
IO  
0 
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 
vo ,volts 
Figure  4 
1 2  
T H U R M O  U L I C T R O W  
C O R P O R A T I O N  
827 0 
vo ,volts 
Figure  5 
1 3  
€ 
0 
& T H  E R  M O  E-L E CTRO-N 
XL? C O R P O R A T I O N  
827 1 
14 
C O R P O R A T I O N  
cesium p r e s s u r e  corresponding to a given output cur ren t  i nc reases  
with emit ter  temperature .  
of a difference in  interelectrode spacing, and because,  in the ex- 
tinguished mode, converter T-208 has a lower output than converter  
T-206, the indication i s  that converter T-206 has a l a rge r  spacing. 
This type of voltage shift is charac te r i s t ic  
Such diagnosis i s  confirmed by comparison of the cesium 
conduction data, which is  given for  the same two converters  in 
F igure  3 .  The interelectrode spacing determines the slope of the 
plotted charac te r i s t ics  according to the formula given in the Sixth 
Quar te r ly  Report: 
d = { [ O . O O O  1 4 7 5 A ( T ~  - T ~ ) ( T E  -ITc) / ( aQ/ap ) ]0 '5  - 0 . 0 0 6 ( T ~  f Tc)] /p  
2 
where  d is the spacing in  m i l s ,  A is  the interelectrode a r e a  in e m  , 
TE and Te a r e  the emitter and collector tempera tures  in OK, aQ/ap 
is the slope of the charac te r i s t ics  given in Figure 3 ,  and p i s  the 
p r e s s u r e  in t o r r .  
Calculations f o r  converters  T-206  and T-208 a t  various p re s su res  
yield the following resu l t s :  
1 5  
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and it can be seen that the spacing of converter  T-206 has  an average  
value of 1. 33 mils, while that  of converter T-208 has  a n  average  
value of 2.20 mils. The actual magnitude of spacings ought to  be  
somewhat l a r g e r  because only the interelectrode a r e a  is assumed 
t o  contribute to heat conduction through the cesium, and in real i ty  
a l a r g e r  a r e a  is involved. Nevertheless,  the ces ium conduction ex-  
per iment  does confirm that converter T-208 has  a n  interelectrode 
spacing about 65% l a r g e r  than that of converter  T-206. 
The above arguments  tend to  explain the performance differences 
between the two converters ,  and indicate that these can be eliminated 
by the use  of m o r e  refined assembly techniques that would avoid an  
excessively l a r g e  spacing, and a l s o  by  utilizing a l a r g e r  portion of the 
space available to develop collector a r e a .  
The lower performance of T-208 is not the only problem ob- 
se rved  in  this converter :  
b e  reproduced s ta t ical ly  a t  high output cu r ren t s .  
indication of col lector  overheating. 
the elect  ron-bombardment power required to  develop a given output 
cu r ren t  a t  output voltages of 0. 8 and 1.  0 v o l t  for  both converters  
T-206 and T-208. Again, it m a y  be seen  that at low cur ren ts  (below 
1 5  a m p e r e s )  both converters  a r e  s imi l a r ,  but at higher input powers 
the additional input power in converter T-208 i s  used t o  overcome the 
high emi t t e r  tempera tures  that resul t  f r o m  the inability to produce 
m o r e  output cur ren t .  
overheating. 
t r a c e d  to  a n  excessive res t r ic t ion  in the vapor channel in  the heat 
pipe,  and is explained in the following section. 
Figure 2 shows that the dynamic data cannot 
This is  a typical 
F igure  7 shows a comparison of 
This is additional evidence of collector 
The collector overheating problem has  now been 
16 
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I 
- Heat Pipe Tempera ture  Drop 
1 
I 
1 
i 
The par t icular  a r e a  of the heat pipe which i s  of i n t e re s t  in this 
discussion is the capi l lary s t ruc ture  a t  the heat-receiving end. 
m o s t  heat pipes the heat input i s  distributed over a cylindrical  sur face  
of relatively unobstructed construction; as  a r e su l t  the heat t r ans fe r  
In 
I fluxes a r e  sufficiently sma l l  to justify the assumption that liquid 
I 
evaporation oceurs  with no significant t empera tu re  drop. 
present  heat pipe design, the evaporating conditions a r e  m o r e  s e v e r e 9  
and a s  a resu l t  the tempera ture  drop for  evaporation has  reached a 
value of about 8 0 ° C ,  which r a i s e s  the collector t empera tu re  excessively.  
In the 
A t empera ture  d rop  occurs  at the liquid-vapor interface because 
evaporation at a finite r a t e  can occur only when the a tom ra t e  of 
evaporation of the liquid exceeds the a tom a r r i v a l  r a t e  f rom the 
vapor.  F rom kinetic theory,  the corresponding heat flux in the 
one-dimensional c a s e  (evaporation f rom a plane su r face )  i s  given 
by: 
2 
g (wat ts /cm ) = 7 . 6 6  x 10-4AH! 
p1 - 
w h e r e  AH i s  the heat of evaporation in cal /gm-male 
a r e  the saturat ion processes  in dynes/cm 
2 
P1' p2 
T I P  T 
m 
a r e  the corresponding t empera tu res  in  OK 
i s  the molecular  weight in g r a m s  
2 
This  relationship i s  plotted in  Figure 8, assuming p = 0.  The curve 
co r re sponds  to  the r a t e  of evapGration when the si-lrface IS exposed t o  
a vacuum. 
2 
The dashed l ine represents  the r a t e  corresponding to  
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sonic vapor velocity, and a s  can b e  seen,  the evaporation f r o m  the 
liquid can never  be thrott led by sonic velocity of the vapor phase.  
In converter  T-208, the heat  t ransfer  r a t e  is given at a n  
emi t te r  t empera tu re  of 2000°K by  the equation: 
= 1n5;7 + 1 . 9 2  I 
c 011 e c t o r 0 cz 
At a n  output cu r ren t  of 83 amperes ,  the collector heat  t r ans fe r  
would be  265.7 watts.  
t o  handle this heat t r ans fe r  i s  a c i rc le  approximately 0. 590 in. in 
d i ame te r ,  or  1.77 c m  . The design heat  t r ans fe r  rate i s  then 
265.7/1.77 = 150 wat ts /cm . 
a collector t empera tu re  ( tempera ture  of the liquid) of 7 00 " C, would 
r equ i r e  a vapor tempera ture  of 697"C, for then the heat  t r ans fe r  
of 3500 W/cm corresponding to  liquid evaporation would exceed 
the r a t e  of a r r i v a l  of a toms f r o m  the vapor by the des i r ed  150 W/cm . 
In that  ca se ,  the tempera ture  drop a c r o s s  the liquid-vapor interface 
would b e  negligible. However, not all of the projected a r e a  of the 
heat pipe evaporator  i s  used to  develop a l iquid-vapor interface in 
conver te r  T-208. To begin with, the capi l lary s c r e e n  has  an  open 
a r e a  of only approximately 2570, s o  that the evaporation r a t e  f r o m  
the liquid occurs  a t  a heat t r ans fe r  r a t e  of 150/0.25 = 600 W/sq cm;  
f u r t h e r m o r e ,  the per fora ted  plate, p a r t  No.  15 ,  which is  placed 
against  the back of the s c r e e n  a s  a support ,  a l so  obstructs  a l a rge  
port ion of the available liquid-vapor interface.  
plate  r ep resen t  a n  open a r e a  of 0 .413  c m  , which i s  2 3 .  470 of the 
pro jec ted  a r e a .  
would evaporate in the T-208 converter heat  pipe is then 
The projected a r e a  of the heat pipe evaporator 
2 
2 
Figure 8 shows that this r a t e ,  a t  
2 
2 
The holes in the 
2 
The actual  heat- t ransfer  flux at which the sodium 
2 
600/0.234 = 2560 w/cm . Figure 8 shows that,  at a vapor saturat ion 
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t empera ture  of 700"C, the evaporating liquid would have to be  a t  785"C, 
o r  an increase  of 85°C. If the holes in p a r t  No.  1 5  a r e  replaced by 
a webbed support with 90% open a r e a ,  the heat flux need only be 
600/0.9 = 666 W/cm , and the liquid tempera ture  corresponding to 
a 700°C vapor saturation temperature  would then be 725"C, a reduction 
of 60°C in the c n l l e c t n r  temperature  of T-208. 
2 
These temperature  drops a r e  difficult to detect in  heat pipe 
models  because they occur between the collector face and the heat 
pipe, and thermocouple instruments cannot be mounted readily on 
the heated face of the collector,  which i s  exposed to electron bom- 
bardment  during heating. 
Plans for the Fabrication of Converter T-209 
Pending J P L  Approval Converter T-209 will be  fabricated 
using a support plate a t  the heat pipe evaporator which will have a 
webbed construction to  increase  the open a rea .  Also the length of 
the heat  pipe radiator  will be  increased by 1 inch, which corresponds 
to a 3677" increase  in radiator  a r ea .  
0.200-in. - thick emit ter  to achieve a higher tempera ture  uniformity 
over the  emit ter  surface,  a pressure-bonded collector without the 
c ross -groove  used in T-208, and a niobium-l'% Zirconium 100-mesh 
s c r e e n  capillary. 
Model T-209 would use  an  
New Technology 
No i tems  of new technology have been included in this report .  
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.Conve;ter NO. ' T - Z O S  Run No.- J Z  
VAR I ABLE I 2 3 4 
j768 2 - 2 G  2-26 2 - 2 b  2 - E G  Date 
9 
2 - 7 4  z - L d  2-'C6 
/r: 37 
2 . 3  
vo I volts I -  I - -  I - I -  - I -  - -  
2 4  124- 
? h - 
I, , amps I8 2 8  2 8  
Po ,watts - - - 
I-V Trace No. I 1 3 4  
- I  - I -  - 
9 
12.7 
31 Z TR 
602 
25.2 
6G7 TC 
O K  4 0 3  443 5763 953 
- mv - - - 
TC base inner 
OC 
I -  I -  - 
TC base outer 
It.- - - - - mv " C  TR a d io tor 7- 
24n I193.4 203.3 
4 . 8  
248 
EFilament 4.8 5.0 s.0 f.0 
'Fila m e n + ~ a m ~ s  I9 14 I9.b IS,$ 
'Res. Heater *amps 0 . 4 c  1.50 1.80  
amps - - - - 'Coll.Heater' - 
I. 6 3  1.  sa 
! L  Vacuum, mm Hg Id / a  1 %  1 8  
. .  
j)eb 236.5 272.8 7-9L.3 29o.7 
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Sheet-of 4 
Converter No. T-2Lo 0 RunNo. 3 a 4  0 bserver 4?&osu, * 
VARIABLE I 1  1 2  3 1 4 1 5 1 6 1 7  1 8  1 9  IO 
I 2-26 I -L--L6 Date 2-L6 
/?I 23 
4.0 Elapsed Time, Hours 13.2 I 3.3 
171 8 
,737 1 - 1 1  '73' 
i o  
2000 2033 
vo , volts I - I -  - I - I - I - 1 - 1 - 1  - I -  
Po ,watts 
I-V Trace No. t!j-q-% 
62.3 64C 
TR 
24.4 24.6 24.9 2Cer;o *24 .2  sa 3 fC 
TC base inner 
TC base outer 
I I I I I I I 
I I I I I - - mv 
O C  
TR ad i a to r 
EFilamen+ 4.8 4 .8  
19.0 14.0 'Filament amps 
'Coll. Heater' 
'Res. Heater ,amps 2 - 3 0  2.58 
amps - - 
Vacuum, mm Hg IL I'L 
Nora.' 4t N o  R E A D I N G  OrcAOse 
Measured Efficiency,% 203~1 LOz.? 
4.8 
19.0 
- - I -  I -  I -  
O 
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-0 
VA R I A B LE I 1 2 1 3 1 4 1 5  6 1 7 1 8 1 9 1 1 0  
Date 2-27 2-27 2 -27 
13: IO 
~~ ~ 
Time 
Elapsed Time, Hours 
13: 4L 
24. h- 23.9 
To 8°C 
To Corrected, "C 
dTBel l  Jar. OC 
v, volts 
I, , amps 
Po ,watts 
I-V Trace No. 
/ 2 . r  
297 
11 .9 
29 L TR 2 8 3  
58 0 sc-6 
2'2.7 2 4.0 
57 4 
L4.9 
Lao TC 54 a 
i3 52 
TC base inner 15 
'C base outer I+ 
TR adiator 
EFilamen+ ,volts 
amps 'FI lament' 
'Coll Heateruamps 
'Res. Heater ,amps 
Vacuum mm Hg 
Peb 
. .  
1d.o  I l a , +  
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Converter NO. 7 -20 3 
VARIABLE I 2 1 3  
Date 2-27 
14:+3 Time 
Elopsed Time, Hours 25. G 2s.r 2S.G 
I77 .r 1775- To ,OC 
To Corrected, O C  
nTBe l l  Jar. O C  
178 3 
17 17 
I800 
tr 
1800 
13 17 20 I I I I 
20 C 6  zO53 
S o a  ,600 
2 0 2 %  
I .a00 
2-c bo 
1.200 
12.4 
v, volts 
Io , amps I4.o 
Po ,watts 10.4 19.4 
- 
13.9 
I -V Troce No. 
mv 
1 - 1 -  I I I I I 
13.7 
TR k 33 6 
605 
34r 
614 
27.2 26.6 
TC O C  
O K  
mv 
O C  
mv 
O C  
mv 
O C  
TC base inner 
TC base outer 
TR o d iator 
'eb ,volts 
I e b  9 mA 
EFilament ,voI ts 
'Filament' amps 
amps 'Coll. Heater' 
'Ees. Heclter *amps 
Vacuum, IO-' mm Hg 
Measured Eff iciency, 
67C 704  744 
748 9 7 7  1017 
dLt0 
9r3 
6 S4 
Ci 27 
z 
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PYROMETER AND BELL JAR CALIBRATION RECORD 
Instrument No. h- .P' 7 
NBS Lamp No. 19 6 79 L 
~ ~~~ 
Lamp Current, Amps. 
~ ~~ 
Lamp Brightness Temp.,OC 
Bright to Dark Reading,OC 
Dark to Bright Reading,OC 
Dark to Bright Reading,OC 
Bright toDark Reading,OC 
Average Reading,OC 
~~~~~ 
Correction to be Applied to 
Pyrometer, O C  
Bright to Dark Reading, OC 
Dark to Bright Reading,% 
Dark to Bright ReadingpC 
Bright to  Dark Reading,OC 
Average Read i ng,OC 
Be l l  Jar Correction,°C ' A .  r (  ( - : I ~ o )  
Sheet A of  2
Date 7 -23-63 
Temp.Level ,OC /bo0 
/600'C I /600'C 
1600 I J557  
J3'76.71 
+ 0 . 2 5  + 3 . 2 5  
15-8 3 I l5ds' 
Averoge of Pyrometer Corrections Observers I8 2 ,OC 
Average of Be// Jor Corrections, Observers 16) 2, OC 
+ 1.7s 
+ I I . L . ~ C  
PYROMETER AND BELL JAR CALIBRATION RECORD 
Sheet-of L
Instrument NO. - ~-217 Date L - 2 ?  - d d  
NBS LampNo. 1867 ciz Temp.Level .OC I 70 0 
Average Reading, O C  
Correction to  beApplied to 
Pyrometer. OC 
Lamp Current, Amps. 
Lamp Brightness Temp., O C  
/ 6  71.7r 
+ 4.2r 
Bright to Dark Reading,OC 
Average Reading,OC 
Be l l  Jar Correction, O C  
~ C I.;..) 
Dark to Bright Reading,OC 
I 6  80.25 
+ 19.75 
BSERVER I 
10.5 8 
I 
I 1 6 9 6  Dark to Bright Reading,OC 
I /w Bright to Dark Reading, O C  
I m v  Bright to Dark Reading, O C  
I 1678 Dark to Bright Reading,% 
/ L E 2  Dark to Bright Reading,OC 
Bright to  Dark Reading ,OC I 1660 
OBSERVFR 3 
arne E 6" 
l o . 5 8  
l653 
l453 
1693 
1675' 
1681 
I L d l . 2 5  
+ I 8 .75  
Averoge of Pyrometer Corrections Observers / a 2 , OC 
Averoge of Be// Jar Corrections, Observers /&i 2, OC 
5% 
+ /+-3c 
